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mat-nstvuk. io 
m. - 

i £ Sr#®i:i-5?i*^l iEigctO*-* >~*-y ?^-y 20 
[f»jfcJg4] ftfftS7'7X-^^!)tt3 5 0°Cfrh 5 5 0 

■c -of? s c t * m®. t -t 3 fti&m 3 iEffc - # > 
■*-y ^^-yto-g-^^fe 0 

[SSt#gi5] WSE#i*£*ufc^yiMX<D«&&jRtt 
- y f- a. - y 

[f»*«7] stria*- #>+y fa-^^^tst 
mie* - * > y - * tt^js^ 03 ma. £ nfc 

«t <9 (Sia iw<£ *> # *s f> WfE* - * > y - * # & m&m 

ir * - # > y ^ ^ - y 4rfi£S $ * 

•csfrfESte±i-Sii:icM?iJ $ -jj* y 

i fE©<o*-/K>-^.y ^3.-y<o#^*&„ 



4 

2001-20072 

2 

[0 0 0 1 ] 

^o^^feicgl^t). 4#lw^:ffi^Ste(D^^iES (st 

rain temperature) KT<affiifi-?fiSfcaE?« S ixfciBM 
[0 0 0 2] 

[»*<OfttB] (arm-chair) »^C0^|i^ 

ft*. v^^iF^ (zig-zag) ffim<DtifU¥mft&Z. & 
^Tjk-fX — tf^-rS^^ — ^te. FED (field emissi 
on devices) <0 X 0 t£y* 4 * 7 U — ^ + % &&3tM. ]) 

T (cathode-ray tube) Om^«CtHM^^^WiCJt£ < 
^-^<0-&J«^. 7^7'l/-|f(OSS^« (stra 

in) SttTtt^i+/j:v\ ^Lt, mVk&<o* — #^-f-s 

[0003] ^^-Cy%je>$n/ci^7— /K^-^y ^=x. — ^<D 

[0 0 0 4] W>^.ikMfe (C. Journet et al. .Nature 3 
88,756 (1997) ^ J: t5B. Bethune et al. , Nat 
ure 363,605 (1993) ) ^ U — — M^te 

(R. E. Smally et al. , Science 273,483 (199 

6) ) iz£ ^-zKyt/f^-^^tix^ yt7- 

v y -f * fi $ ^ ^ - ^ tt 7?: mj |g x? 5 0 
[0005] 4^"C^^$ttAc^t:^^«^*^ 

iciixfi. ^TLSfOv'y # (W.Z.Liet al., Science, 2 
74,1 7 01 (1996)) Hftit^^y^ h (Shino 
haraet al . , Jpn. J. Appl. Phys. 37,1257 (199 

8) ) mWL±.-Q*-#^-r; ^-:/£/£^£i*:6 0 C 
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Hff.as*!K 7 0 0t^Jt<ai^^/&£fT? o Sfo 

(6 5 0WT) , (5 
7 0t^T) ^/cfiy-^£?c (soda lime) . 

(5 5ow) ±\z#—#i'-rs ^^-yzmrfL-tz 
t>**^^*ij-e*>5. Sot, ^7^Stetffi^t6Ac 

[ooo6] «ot, *-*yt/fa-^6*rtiaa 
a* 7 o ot:a±o«*<o}»^*ffi«#«feicj:-5*-* 

[0 0 0 7] * 

[0 0 0 8] 

[0 0 0 9] *»MoW*3S3*3j:r^5E*o^-2K^ 

[0 0 10] *|8«^»*«4E«fcO*-#^-f y 

[0 0 1 1 ] *38W<o'»*«7|E«^*-#^y 
-:/<7>fr/£;fri£lcj:jh,tf, #-#>^y ^--^Srjgj* 



(3) ^^fH! 2001-20 0 72 

*mz*-tf>'-r;<f~-7&i$ t &£itxm&i±\zmm 

[0 0 12] 

[0013] 01 iC^-T «fc 9 (w, #5&0jcDSg 1 Hftttttl 

A««sr»*r5a»2 o t. tikm&mmz&MLxft 

[0 0 14] iai^J:^0 2Alc^-rj:5lw % St5±l- 

^SdtJWStSl 1 OiCMKilRi 3 ot?«A 
nigt*)5 0 S«l l 0<nmttt LXtetfyx. ^ 
v-y ^xiZttteT/u* -r (a i 2 o 3) xtRfc^as 

<£fc»;ft£o 3 0 ft K -S>^/K 

^fcteC ft (Co-Ni x Co-Fe. £/cl*Ni-F 

e) ^ItM^^p ttttt&JRBI 1 3 OtejgyK* 

ffil 1 0±^»nm^e>»SnmOflCSJC % 3£ L < 11 2 nm 
1 0 0rm<Dm£\Cl&f&£tlZ> o Sfe 1 1 0(DmUt 

so u-cv-y ^y^fflttMitiii 3 ofca^/uK 
te> Sffii i o £tt8S&jRJSSi 3 o^+assjcsur^y 

13 0 (O^^MfcStS 1 1 0 ±JC|ft»jR 12 0 
. 5 (iteSlg£12j«^£J£»l 0) o feSMti2 0tt« > 

[o o i 5] m2 B^Tjk-rx 5 ir, # — ^v-^y^^- 

tt£&l 1 OJtlc&jglSli 2 5«r«?rtUfc«, «»t&JR 
^ Bil 3 0«r»*t*ifc^i4 (&JRJBS:^j«-r6 
©Pgl 5) „ &JRR1 2 5 11 ^fc^ 

teco£ffi2 i o±t£*-#>y-^^^5W»ffl«ttE 

ttftJRffi 2 3 0 «1^ o^^^cfi^^i^^ A/^ ^T^fig^ 
JflK2 3 0 li 1 0 Onm^^ 2 0 0 nmCOi? $ I^Jf^^ $ *X<5 

5rf ri^gi U\ 
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[0016] mm&mmi zo*&m\^xi*mts 

tbfc^/i^^X^«jK&JR3e^-l 3 0 P&Mf&TZ (« 
3 0 0 trJMM-ixtf , MM8l3 0O^i/-y 

(grain boundary) l^»o TttSJ^jtfT * ixTttS 
i4tt^$il/ctyf^X(D«I^ie^l 3 0 P 

T^y X£ tt»nm*>fe*SnM^*# * «r»*"f 6. 
[0 0 17] ^7 Xv«aii»S Ity 7 X-rttJJSI 

*lc*tt*tLfc»«-Ctr 5 

[0 0 18] »£Lfc^?X^|«riWrs»*fctt 

Httftl 3. 6 MHz. #*(DJEt)0. lTorr*»& 1 0 Torr 
*3j:tFm^j 5 OW^t, 2 0 0W^)Ig$#t7^i7 
7K*^^^fcfi7K^{b^l^^$: 3 0 sccmd* 1 5 
0sccfflli7P- S^rT^J^U/b^^X-^Srfflt^TStRcD 
aC»ift«KT v BP*>. 6 5 0tWTI^ Itt<lt3 5 
OWf) 5 5 OlCOiBSfc 5#F^<b 2 O^PflftbjDj LT 

[0019] HI 5 l^tJ: 5 lw, -»:MSIH04&-&iw»i 
13.6 MHzcO^&§&&f£ffl-r £ V*-V77 X-^Bi- 
.T>^ = TXf*. **^^*fctt**{b»^^«r 3 Osc 
cmfrh 1 5 0sccraM:7 o — £ it fl2/5)c Lfc:/ 9 X-r 

x-et Ltnr^^r^^f)***nfc^7X-7ifts 
fliSt it tBflo*«i:^i j nfct y t>f X 
[0 0 2 0] S*ttJatt»l«a&JRJRojgj«SixfeS« 

&m*8iMm* m*.titnt*m (hp) hf^muf 
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[oo2i]Mi:, ^-#yy-^^^«fMffi4 
Jifl?£2 3 o^^v^TSfii l o<z>gej0iB£j: 9 X; 

^r^^-T5©:Pg4 0) 0 

[0 0 2 2] (gJ4 (c^-TJ: 5 t-> ftMiSfhtil-J f^fX 
©»K4Itt*i 3 o p^MJnTv^^-/fyty. 
^~-:/a:Sjft£*L<5£4El 1 0 fr!Mfc¥*MSJR#SB 

h 4 1 0<DX'l) y h 1 Oft K 1 O-f ogBg-f 
0OJ^^^ttT^6StS2 1 0 £r/tf — h 4 1 0(Dg^ y 

0fc»ilt$*tfc^y*^xoftfcttt4jRtt^i 30P^ 
fflsMK^iir^o m 5 ic^-r j; 5tc x mm 1 1 0 X 2 1 

o£tjs*p4 0 officio —7^ >-^-r<5 0 n-T^^^m 

#Sft$*bfc-*V X<ott«E&«3K^ 13 0 P^i!: 
# — #>y — x#*cD&A;frr6j4 1 5 t&Jjfaic* 
Tft£i*r. *-.fyy-7jf^^»MIMIi2 3 0 
^ o^®£Xf;*Oi£A;£ft4 1 5 i:*)-® £itr6 0 X7 — 
V-^^^(^^A^f6]4 1 5 £«8t&JR*fc^l 3 0 

^®^iS?^f^(c-r6o<iSte 1 1 o±Ti;-/fyy-^ 

#J*<0$c§<£>tffttl, (mass floW) MJC&tf>*& 

—ff M^IWnop^i 
^Tr^^ii:eoji^^^(7)^:iC^ J ^SJS^4 0 ooi^i 

[0023] ^4 0 ofa<om>&&j:mm.m\zmz>b 
$i#5o o&mtkvxx-tf^y—xtfx&tems 1 

SO O^^^Mf 4 2 0 £riiLT:X7 — ztf>-y — ^X/^S:, 
^j£^4 0 0^Mt6 o ^7-^^y-^Xf^li2 0 
sccmri>e>8 OsccmCO^SlC 1 0ftfififat>4 0 &m&%£-t 

(hydro carbon) #*&&t>tlZ> 0 S3; L < fl, Ti?^ 

[0 0 2 4] jfr-stf^-J-y ^a-:/<Dj£*&£*3j:tm 
IM«rBlflSi-5fc«e>ICWtJB2*5 5 O^WlT^t y T 
XfXfe J;t/*3K^^Wj^j® 5 6 0frb*V ]) TXf* (7K 
40 m*1tl*T/l'*^*t<Z>&m&#X) *5,ttX#3RXf^ (7K 

ry^e^r^, 7K^Xf^^fcji 

tT#5„ ^7-^vy~^Xf^^^JXf^coft:^ltfi 
2 : 1^^3 : 1 X&> Z> Z t #3* L t\ fRit#*ffil» 

*^©o^:ij;^4 0 op^lc^^ix^^-^vy-^xf 

so »mz*i % #-tf^y-x#x&mmmm&mm2 3 o 
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[0 0 2 5] B 6 5 \Z % 

JEM J;oTlR^^ixfc^-^^y — 6 0 Ofl^ 

yfyfa-yi 5 0£/&fi£i*r6 o 
[0 0 2 6 J El7B*3J:U?0 7Cli£iiE^^^e^/U (ba 
se growth model) <7)ffl$&W\ Xh o X > ^*X{wgr5^T 
/&gy *~X^£tfc^i-fttf. gj 7 A^^-T J: 9 

mfc¥%temmmm<DRm& 4 o o^iic^^^/c^- 

#^y-*#;* (WL Ti?^w>-;tf;* (C2H2) ) 
t?j»»«f (pyrolysis) JixTK*a=y h (C=C^fc« 
0 *»dt-t-3fttf v y h#HKMttf 1 3 0 

<5 G &1>"C\ @7Bl^fJ:5^ ttffi&Jgfr^l 3 0 
: It 5 i:, I7C [CTfk^X b \zteM&m&* 1 3 0 p <Dte 

<&\Ztejj-#^-tS ^-zr-y 1 5 0<Z>*«fcnjK (roun 

a) ^sfiass (blunt) nmcmi&ztiZo i-y-fj 
ioo2 7] ^mmx\tmt^m.mmmmmt u-c7jc 

OOnint*)^ fi£ ^tfc/i ra^^l^B'^ra, Wxif^O.5 
/im^f) 3 0 0 /tm(D^-7}fyty f ^-^&ML5 

[0 0 2 8] #»WfiTK<oH»Wcg-^v>T£ £>(ci¥ 
1 ) 

[0 0 2 9] 2craX 3 cmO#7 *£S±l-&* flft^^f?£ 
t=y^R«r 1 0 OnraOJ?£l£fl0j*Lfc o =y^r/Ui 

V^Lfc& N JS]Sti£l 3. 6MHz. #*<DEE;ft 0. 2 Torr 

_5 o ot^iSi^iL/hty t^x^iM < ss , 

[0 0 3 0] &»Zth1Z-? IT ZtlX^Z 
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[0 0 3 1 ] #- hSrfte^^tBlK^^Brt^n-^^ 
V^Lfc^. Rfc1F<DELt)*7 6 OTorrllftotiaS* 
5 5 O'Cfcflf.i&LfcfS," Tir^U>-;tf;*£4 OsccratC 1 

— ■7$:J&J&£lttz< 3 SEM (scanning electron 
microscopy) T-«'«LfcJe*> # — *K y ^a. -y^* 

TEM (transmissionelectron microscopy) Trfltf^ L 
fc^S* Onm, g£ 1 0 nm<D# — J ^z*. 

[0 0 3 2] 

-tf>y-x;tf;* ttttft JtB JHo tf^ffl J; 9 # - # 

[0 0 3 3] *4S±^«J«Stb^:«jaE*JBiR(0^: 
^Mlfi^^^o^^e^^^^ (aggloraeratio 

[0 0 3 4]^oi, 5>K ^ttfc^-y t^fX^Mi 

^ -tux,- *-#^y-x#x<Dmt&&<*s mz-tf#*ffi 

*-if^s-rj fa-^g§ tP3a5L^i-l\ 
[0 0 3 5] ^lt, Jtt{k*«4BSK*3ga*ffiffl-rsfe 

(batch type) ^^nJ|gT-*>6 0 ^oT, ^^iR^^T 
[B 1 ] Stifcfclfc J: 5^7-^^-^ y 
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(B) ^~y«D^/&0# x *«E£LTf£ 10 

*L*:SK^WrffiH'C*>'5o 3 0 

[B3] *8«o-*JS«i:j:6*-#ytyfa-^ 4 0 

0*/ft*jfefcJsit5*tR±^«aF*tfc^y*rfXfl!>* 110 

ttA«tt**r*rti-6«»*:*-r»rHH-C*>5 # 120 

[EI 4] *ftW<D-mMW[Z£ZiJ-tfls-t-S1 L ~ + 7 1 2 5 

^j«*ft^ffl^^tt-6«k^ftftas*»iao#- h t io n o 

s/ vxc*L< htiftp— #vy — xtf*ftMmt& i 3 o p 

m&mmmmk*-#^i-;rzL-zf&Mi&ztiz>mtiL 1 5 o 

%^T&rffimx*hZ) 0 210 

[05] *&w<n-mMm\z£z$-78>-r; 230 

^J«*fttwfflv^^H5IR{b*ftffi3R*»ji^lSli»H^- 3 0 0 

4 0 0 

[06] *»B^<o-HJgWicj:5^-7Kv^y ?^-X 41 0 

^/S^felcfc^T. #8i£ixfc-*-/ -^-f X<Dftfe«t&JR 4 15 
^a— 4 2 0 
#r®IHT-£>5 0 ^50 0 

im7] *ftw<D~mmw\z£z > *—#>'-)-s^=.--7 510 

— ^j«*feic*5^x. ftM£n,itMm&mm*fat>#- 550 

^*-^3&5»J*StL6^ * = XA*^t«*H 5 6 0 

"C£>6 0 6 0 0 



4#fHl 2001-20072 
10 • 



x^x-^ 
ii# 

fS2# 



[02] 

(A) 



-110 



[03] 



-300 



10 




(B) 




(C) 



210 




410 



130P 130P 



-210 



[06 ] 



Ifllllllll I — — 

iiHiiiiiit:; 



50 

30P 
120 

-110 



'34103702 • £r*P0IJ 



(7) 



2001-20072 



[El 1 1 



10 

.A. 



1. 



15 



T 



I 



-20 



-30 



-40 



[05] 



500 




510 
J— 



560 



BEST AVAILABLE COPY 



34103702 mmm • 




(3) 



2001-20072 



im7] 

(A) 

HOP 



20 
110 




-120 
M10 



(O 



0 



CaHj^ 




-150 



C2H2 



J 



Hi 



--+-1 
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20 

10 



<72)SSPJ# ©P 

y ^/n#sum«c*Kfl« 1 jpiiois 

Sifilir^- h 106^1001^ 
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